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1. Introduction

DL reference signal structure has been actively discussed in previous RAN WG 1 meetings. The current agreement is given in [1]. A remaining open issue is the cell specific pattern that defines how the subcarriers of the reference signals are hopped/shifted in different cells. In this contribution we investigate the effect of hopping and shifting on the achievable throughput for a fully synchronized system. 
2. Reference signal shifting and hopping
We first introduce the schemes studied by briefly introducing the reference signal definitions as given in [1].  Two-dimensional reference signal sequence 
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, where k and l denote positions of a reference symbol in frequency and within a slot, respectively. Variables m and n are the ordinal numbers of the reference symbol in frequency and within a slot, respectively. The position in frequency is given by 


[image: image5.wmf]ë

û

(

)

(

)

6

mod

2

6

i

x

q

m

k

+

+

=


where variable q determines a shift in the frequency domain and 
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  is a cell specific integer sequence that defines the hopping pattern of the reference signals. For more detailed explanations of the reference signals, see [1]. In what follows, no shifting and hopping refers to the case where sequences 
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 are equal at all the cells. Shifting refers to the case where 
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 and u is cell specific. Shifting and hopping refers to the case where 
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 is cell specific, this scheme could be reffered also as hopping only.   
3. Simulation assumptions and results
The basic simulation assumptions are summarized in Table 1:
	OFDM parameters
	10MHz case (600+1 subcarriers, FFT size of 1024)

	System setup
	Case 3 from [2], 19 3-sector cells, CDM of reference signals between sectors applied.

	Number of symbols / subframe
	14

	Number of data symbols / subframe
	10

	Antenna setup
	1x2

	Channel model
	6-tap Typical Urban

	UE speed
	v=3km/h

	Multi-antenna receiver
	LMMSE

	Channel estimation
	Two dimensional Wiener filter

	Modulation
	QPSK 

	Channel coding rate
	1/3 

	H-ARQ
	Chase combining


Table 1: Basic simulation assumptions
In the simulated scenario, one cell is the serving cell and the other 18 cells are interfering cells. In the results shown we are assuming idealistic perfect hopping patterns when hopping is applied, i.e., the reference signals from the interfering cells are not interfering with the reference signals at the serving cell. This unrealistic assumption is done for simplicity and as a result the performance of any shifting and hopping scheme is upper bounded by the simulated scheme.
 Results are given in Figure 1. When pilot power boosting is not applied, the curves corresponding to equal positions, shifting, and scheme with both shifting and hopping are on top of each other. This is due to the fact that in the simulated setting, reference signals are not interfering with data and hence when no power boosting is used, both the reference signal and data are providing similar interference.  When 3dB power boosting is applied, shifting gives a clear gain when compared to the case without shifting. Hopping when applied on top of shifting does not result to significant additional gain even with idealistic hopping patterns. [image: image10.emf]0 500 1000 1500 2000 2500 3000 3500 4000
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Figure 1 Throughput performance for different reference signal mappings.
4. Summary and Conclusion

We studied the effect of cell specific frequency hopping of reference signal positions with and without pilot power boosting. The results show that time varying hopping does not bring additional gain when compared to cell specific shifting of the reference signal locations. Moreover, it is clearly shown that pilot power boosting does not give any gain if the reference signal positions from different cells are overlapping. To conclude, in case of synchronous system, we see important that cell specific frequency shifts that are constant across slots are possible because otherwise the gains from pilot power boosting are not achievable. However, time dependent cell specific hopping is not seen as a necessity. Finally it should be noted that in case of time asynchronous system, hopping and shifting should not have large influence on overall system performance.
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